The Devonian massive sulfide orebodies of the West Shasta district in northern California are composed primarily of pyrite, with lesser amounts of other sulfide and gangue minerals. Examination of polished thin sections of more than 100 samples from the Mammoth, Shasta King, Early Bird, Balaklala, Keystone, and Iron Mountain mines suggests that mineralization may be divided into six paragenetic stages, the last five each separated by an episode of deformation: (1) precipitation of fine-grained, locally colloform and framboidal pyrite and sphalerite; (2) deposition of fine-grained arsenopyrite and coarse-grained pyrite, the latter enclosing tiny inclusions of pyrrhotite; (3) penetration and local replacement of sulfide minerals of stages 1 and 2 along growth zones and fractures by chalcopyrite, sphalerite, galena, tennantite, pyrrhotite, bornite, and idaite; (4) recrystallization and remobilization of existing minerals, locally increasing their size and euhedralism and promoting their aggregation; (5) deposition of quartz, white mica, chlorite, and calcite; and (6) formation of bornite, digenite, chalcocite, and covellite during supergene enrichment of several orebodies at the Iron Mountain mine. Despite regional greenschist facies metamorphism and local heating by intrusive bodies, enough of the original depositional features of the ore remain to suggest that the deposits in the district formed by processes similar to those that formed Kuroko-and Besshi-type massive sulfide deposits. Mineralogic and textural evidence do not support a second major episode of massive sulfide mineralization during the Permian.
Introduction

IN recent years, detailed studies by
, Eldridge (1981), and Eldridge et al. (1983) of the mineralogy and textures of ore in the relatively pristine Kuroko-type massive sulfide deposits have resuited in a dramatic revision in the understanding of the paragenesis of these deposits. This modification has played an important role in the development of the most recent model for the formation of Kurokotype deposits (cf. Ohmoto and Skinner, 1983). The success of these studies has stimulated a reexamination of ore minerals and textures in metamorphosed massive sulfide deposits, including Besshi-type deposits (Yui, 1983 ) and the more intensely deformed Appalachian deposits (Craig, 1983) , in an attempt to unravel their depositional and metamorphic histories. As Craig (1983) points out, this challenge may be overwhelming in highly metamorphosed deposits containing sulfide minerals that reequilibrate readily. On the other hand, microscopic examination of deposits dominated by refractory sulfide minerals, such as pyrite and sphalerite, which have not been subjected to metamorphism above greenschist facies, should reveal a wealth of information. For this reason, a microscopic investigation of ore in the massive sulfide deposits of the West Shasta copper-zinc district in northern California was initiated as part of a broader study of the district (Albers, 1985) .
The present paper describes and illustrates the mineralogy and textures of the ore in most of the major massive sulfide deposits in the district and incorporates these observations into a paragenetic sequence summarizing the relative age relationships of the sulfide and nonsulfide minerals. These features of the West Shasta ore are compared with those of Kuroko-and Besshi-type massive sulfide deposits, and the bearing of these characteristics on depositional processes is examined. Finally, recent K-Ar dating of the West Shasta ore by Kistler et al. (1985) is examined in light of the relative age relationships outlined here.
General Features of the West Shasta Orebodies and Ore
The geologic setting of the massive sulfide deposits in the West Shasta district is well described by Kinkel et al. (1956) , Albers et al. (1981) , Casey and Taylor (1982) , Reed (1984) , and Albers and Bain (1985) and is only briefly summarized here. The orebodies occur within the upper part of the middle unit of the Early Devonian Balaklala Rhyolite, on or near the axes of broad synclinal, and less commonly anticlinal, folds along a northeast-trending zone 13 km long by 3 km wide (Fig. 1) . The largest deposits consist of massive, generally lenticular and fiat-lying, pyritic bodies with lengths and widths commonly an order of magnitude greater than their thicknesses; contacts between these bodies and barren or weakly pyritized wall rocks are sharp. The ore is composed mainly of massive pyrite with relatively minor amounts of chalcopyrite, sphalerite, galena, and quartz. Compositional layering is present locally. The ore has been deformed and recrystallized to varying degrees, compromising the preservation of original depositional textures and resulting in a somewhat chaotic mixture ofbreccia fragments, crystal aggregates, and minor crosscutting veins.
The ore grade ranges from 2.0 to 6.0 percent Cu and from 1.3 to 8.9 percent Zn. According to Kinkel et al. (1956) , the lack of zinc assays at many of the mines prevents the determination of Cu/Zn ratios. Minor amounts of gold and silver have been recovered from the massive sulfide ore and from overlying gossan.
Mineralogy, Texture, and Paragenesis Singly polished thick and thin sections, and doubly polished thin sections, of 137 samples from six mines in the district were examined (see Table 1 ) using reflected and transmitted light microscopes. A scanning electron microscope and an electron microprobe were not available during this study.
The mineralogy of the ore is relatively simple and consistent in all of the samples examined. The primary sulfide minerals, in decreasing abundance, are pyrite, chalcopyrite, sphalerite, galena, tetrahedrite-tennantite (hereafter referred to as tennantite), arsenopyrite, pyrrhotite, bornite, idaite, and two unidentified phases. The nonsulfide minerals, in decreasing abundance, are quartz, white mica, calcite, chlorite, and iron oxides. Digenite, bornite, covellite, and chalcocite comprise the secondary sulfide minerals.
The growth habits, textures, and associations of the minerals comprising the ore are also broadly similar throughout the district, allowing the depositional and metamorphic histories of the deposits to be divided into six paragenetic stages (Fig. 2): (1) "primitive" pyrite + sphalerite; (2) pyrite ___ arsenopyrite; (3) chalcopyrite + sphalerite + galena + tennantite + quartz + white mica; (4) recrystallization and remobilization; (5) quartz + white mica + calcite; and (6) supergene enrichment. These stages are described Recrystallization promoted the aggregation of pyrite fragments that had been fractured at the end of stage oe and penetrated and replaced by chalcopyrite, sphalerite, galena, and tennantite during stage 3 (Fig.  5A) . Recrystallization also increased the size and euhedralism of stage 2 pyrite, most dramatically for crystals that are disseminated or in loosely packed clusters surrounded by chalcopyrite, galena, or void space (Fig. 5B) . Recrystallization of more tightly packed, nearly monomineralic aggregates of pyrite resulted in local interpenetrations of fragments and the development of triple junctions among fragments (Fig. 5C) . Irregular inclusions and fracture fillings of stage 3 sulfide minerals and quartz in pyrite have been annealed locally; all that remain are rounded to myrmekitic blebs concentrated in the cores of the pyrite crystals ( Fig. 5C and D) .
Recrystallization also resulted in sphalerite aggregates that contain crystals or fragments which have been previously replaced by chalcopyrite. Although recrystallization increased the size of the chalcopyrite blebs, the original orientation of rows of chalcopyrite inclusions and chalcopyrite along fractures have been preserved. These markers are oriented in a different direction for nearly each of the individual sphalerite fragments comprising the aggregates, indicating that the fragments coalesced in a crystallographically random fashion. Original color banding in sphalerite has largely been obliterated in aggregates by the homogenizing influence of recrystallization. Only in sphalerite that has been shielded from the effects of recrystallization by surrounding sulfide masses has color banding been preserved (Fig. 5E) .
Originally fine-grained white mica and chlorite in the groundmass of sparsely mineralized host rocks apparently increased in size and locally acquired a preferred orientation during stage 4. Stage 3 white mica also increased in size during stage 4, seemingly at the expense of sphalerite and, less commonly, pyrite and chalcopyrite (Figs. 4E and 5F ), suggested by the enclosure of fragments of the sulfide minerals by the white mica. The crystals are usually scattered without discernible orientation within the recrystallized sulfide minerals (see fig. 8 in Craig, 1983), but in ore from the Friday-Louden portal of the Mammoth mine, white mica flakes in sphalerite are subparallel to megascopic compositional layering (Fig. 5G) .
A minor amount of stage 3 chalcopyrite has been remobilized into previously unfilled fractures in stage oe pyrite and into pressure shadows during stage 4. Chalcopyrite derived from stage 3 also replaces the margins of recrystallized pyrite euhedra that contain blebs oftennantite annealed during stage 4 (Fig. 5D ).
Stage 5: Quartz q-white mica q-calcite Pyrite was the first mineral deposited during stage 5. Euhedral crystals locally coat previously recrystallized pyrite aggregates and project into vugs filled later by quartz.
A major episode of quartz precipitation followed pyrite deposition. Quartz penetrates and replaces stage oe pyrite along fractures that were not filled by stage 3 sulfide minerals (Fig. 5H) . It surrounds pyrite aggregates, locally embaying the margins of the recrystallized pyrite. Quartz veins frequently enclose fragments of stage 2 pyrite that are crosscut and replaced by stage 3 sulfide minerals (Fig. 6A) , indicating that the quartz postdates stage 3. Two samples from the Iron Mountain mine have textures suggesting that the quartz not only postdates stage 3 but also the recrystallization during stage 4. In one sample, quartz surrounds pyrite euhedra that in turn enclose rounded chalcopyrite blebs (Fig. 6B) (Fig. 6C) . Often the quartz feathers completely surround the pyrite, but locally they develop only on opposite sides of the pyrite or near corners of the pyrite crystals or fragments. In samples where both relict quartz phenocrysts and pyrite crystals or fragments are surrounded by a groundmass of fine-grained quartz, white mica, and chlorite, quartz laths extend only from the margins of the pyrite (Fig. 6D) . Late fractures locally cut across deformed quartz, intersecting the submicron-sized protocrystallites and larger crystallite boundaries; they are marked by trains of secondary two-phase fluid inclusions. The fractures also offset gashlike veins and pods filled with deformed feather quartz (Fig. 6E) .
White mica and lesser amounts of chlorite were deposited with quartz. As deformation and recrystallization of the quartz intensified, flakes of white mica and chlorite recrystallized along the elongate quartz crystallite contacts. In several samples, feather quartz and intergranular white mica are both deformed, locally with distinct kinking.
Calcite fills large voids and fractures in a sample from the Early Bird mine (Fig. 6F ) but has not been recognized elsewhere in the district. The calcite encloses fragments of pyrite replaced by chalcopyritediseased sphalerite and surrounds euhedral pyrite with cores replaced by rounded sphalerite blebs. The calcite exhibits prominent deformation lamellae and is cut locally by late fractures.
Recrystallization and remobilization during stage 5 resulted in the deposition of pyrite euhedra and massive chalcopyrite around the margins of voids in older pyrite and quartz aggregates, and the deposition of chalcopyrite in fractures and along grain boundaries in polycrystalline quartz (Fig. 6G) 
